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Abstract 
 
Water-in-oil reverse-phase microemulsions were studied to determine the effects of 
changing the concentrations of the components of the microemulsions on the shape, sizes,  
and interactions of the particles of the microemulsion system.  Two fluorescent probes 
were used in the measurement and analysis of bis(2-ethylhexyl) sulfosuccinate (AOT)  
water in octane reverse phase microemulsions.  Dansylpiperidine and 9-aminoacridine 
were chosen as the fluorescent probes used in the analysis.  The experiment consisted of 
the analysis in solvents of differing polarity, AOT microemulsion solutions of various 
water, surfactant, and octane ratios, and four component microemulsions.  The four 
component microemulsions consisted of solutions containing AOT, water, octane and 
tertiary butyl alcohol.  The resulting spectra of the fluorescent probes within the various 
microemulsion solutions were compared to those of the solvent series to analyze the 
effects of changing local environment on the fluorescent species and to give a 
comparison of the polarity of the environment in which the probe was located.  The 
different regions of the microemulsions system had very different polarity characteristics, 
which were observed and analyzed through the fluorescent signals of the probes within 
the microemulsion system.  The effects on the inner water core of the emulsion, the 
interface of the surfactant molecules with both solvents, and the outer organic phase (by 
changing the concentrations of the microemulsion components) were determined and are 
presented in the following paper. 
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1.0 Introduction 
 
Detergents and soaps, have been used by civilizations for centuries.  The scientific study 
of soap solutions as colloidal dispersions has only dates back to the beginning of the 
twentieth century.  As early as 1913, James William McBain postulated the existence of 
colloids that contained ions, which explained the electrolytic conductivity of sodium 
palmitate solutions1.   A colloid is the term for one substance (solid, liquid or gas) 
suspended in another substance (solid, liquid, or gas) in particle form. The dispersed 
colloidal particles in soap solutions are known as micelles.   
 
One of the better known uses of soaps and detergents is for cleaning.  Soaps and 
detergents have the ability to break down and remove contaminants.  These contaminants 
are most commonly dirt and other foreign substances deemed unclean.  Soaps and 
detergents combine both aqueous and organic parts together.  This combination allows 
for both aqueous and organic soluble substances to be removed from a surface.  A 
clothes-washing machine uses detergents to remove impurities from clothing.  The 
detergent works to pull dirt and other impurities away from the clothes into the water that 
surround them. 
 
Combining aqueous and organic solvents together is not possible without the help of a 
third component.  This third component requires both organic and aqueous friendly 
components to exist in both solvents simultaneously.  A surfactant is a molecule with a 
polar end and a non-polar end2.  The name, surfactant, is a shortened form of the phrase 
“surface acting agent,” which is an apt description of what a surfactant does.  A 
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surfactant has the unique ability to exist in a polar or non-polar environment by 
aggregating with other surfactant molecules to shield the lyophobic portion of the 
molecule—that with no affinity for surrounding solvent—and to allow the lyophilic 
portion—that with affinity to surrounding solvent—to contact the surrounding 
environment.  Surfactants have been used for centuries to create detergents allowing two 
immiscible solvents to mix with one solvent suspended in particle form.   
 
The simplest aggregate of suspended-surfactant molecules in a particular solvent is a 
micelle.  A micelle is a suspended particle made of aggregated surfactants within a 
solvent.  The critical micelle concentration, CMC, is the concentration of surfactant in 
solution above which self-aggregation of the surfactant occurs resulting in micelle 
formation.  Below this concentration, surfactant molecules will arrange themselves in the 
most thermodynamically favored placement, at the interface, between two immiscible 
solvents or at the solvent-air interface.   
 
A normal phase micelle is suspended in a polar solvent with the polar head group of the 
surfactant facing out towards the solvent, and the non-polar tails facing one another 
within the micelle (Figure 1.1).  A reverse-phase micelle is in a non-polar solvent with 
the non-polar tails facing out into the solvent and the polar head groups facing one 
another within the micelle.  Reverse-phase micelles usually require an additional polar 
substance, a cosurfactant, within the micellar core because the polar head groups of the 
surfactant molecules generally do not favor being together without a polar environment 
created by the dispersed polar substance (Figure 1.2).    
  3  
 
Figure 1.1: Diagram of a Normal Phase Micelle 
 
The naming of a normal/reverse micelle has the same distinction as normal/reverse phase 
chromatography.  The mobile phase in chromatography corresponds to the phase that the 
micelle is suspended in.  Normal-phase micelles are in aqueous solution and normal 
phase chromatography uses an aqueous mobile phase.  
 
 
Figure 1.2: Diagram of a Reverse Phase Micelle 
 
A surfactant can also separate two immiscible solvents by allowing one solvent to exist 
within the aggregate and one solvent remain outside of the aggregate, which allows the 
particular hydrophilic or hydrophobic end to exist near the matching solvent.  Three 
component micelles have the same normal/reverse nomenclature as two component 
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micelles.  The relative sizes of the head and tail groups determine which form is favored.  
Surfactants with larger head groups than tails favor normal-phase micellar solutions.  
Surfactants with smaller head groups than tails favor reverse-phase micellar solutions.  
The size of the surfactant is not the only thing that affects the structure of the 
solvent/surfactant combination; changing the relative amounts of the three components 
will affect the overall structure of the system.  The particular surfactant used in the 
experiments discussed in this report is bis(2-ethylhexyl) sulfosuccinate, (AOT) (Figure 
1.3).  The two large tails AOT contains, relative to its small head group, allow it to form 
reverse-phase micelles more readily than normal-phase micelles. 
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 Figure 1.3: Structure of Bis(2-ethylhexyl) Sulfosuccinate Sodium Salt (AOT) 
 
 
Micellar solutions have a wide range of structures, each depending on the ratios of the 
concentrations of the three components.  The structures of these solutions can be 
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examined using a phase diagram.  A phase diagram shows the different structures and 
phases on a graph created from the specific concentrations of the three components: 
surfactant, apolar, and polar solvents.  Figure 1.4 shows a three-phase diagram for water, 
oil, and a surfactant, as well as diagrams of some of the structures that can be obtained at 
various compositions. The phase diagram shows the range of structures that the solution 
can produce based on the concentrations of the surfactant and two solvents.  The diagram 
is in the shape of a triangle.  Each vertex of the triangle represents an environment 
produced by a single component.  Between vertices, the amount of each component 
varies according to the relative distance from its vertex. 
 
Figure 1.4: Phase Diagram of Three Component Micellar System3 
 
The structures shown on the bottom left and right of the graph are micelles and inverted 
micelles, respectively.  These structures are rich in the particular solvent they are named 
for, and have low concentrations of surfactant and the other solvent.  As the surfactant 
concentration increases, other structures are formed.  The ratio of surfactant to solvents is 
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increased, leaving more surfactant than needed to coat the suspended solvent.  The extra 
micellar particles start to clump together into more complex structures.  The first of these 
structures is the cylindrical structure, which is an elongated micelle—the structure of the 
particle is no longer spherical, but cylindrical.  As shown in Figure 1.4, the structures 
continue to evolve as the amount of surfactant increases.  These structures are also able to 
have inverted forms when the ratio of water to oil is reversed, similar to the normal- and 
reverse-phase micelle.   
 
When a second component is introduced into the center of a micelle, the result is a 
swollen micelle.  The size of a swollen micelle is greater than that of a micelle, which is 
expected, because there are more components to a swollen micelle.  This would appear in 
Figure 1.4 as we move away from either the water or oil vertices, introducing a small 
amount of the other solvent into the system.  A swollen micelle can also be represented 
by Figures 1.1 and 1.2.  If a third component were introduced into the middle of either 
type of micelle, the diameter of the micelle would increase.  As the diameter of the 
micelle increases, the surfactant molecules would move further away from the center, still 
creating an interface with the outer solvent shielding the lyophobic portion.  When we 
introduce many swollen micelles into a system and start to increase the amount of solvent 
within them, we obtain microemulsions.  A microemulsion requires three or more 
components, at minimum of a water, oil, and surfactant.  The microemulsion can form 
regular and reverse phases, called oil-in-water, o/w, and water-in-oil, w/o, 
microemulsions, respectively.  If these microemulsions continue to grow in size, 
increasing the inner solvent and the diameter of the particles within the microemulsion 
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phase, the next step is a macroemulsion, referred to as an emulsion.  Microemulsions are 
different from emulsions in that they form upon mixing, while emulsions only form in 
response to some external force.  The shapes and sizes of the particles can continue to 
change as more of the components are added to the system.  Figure 1.4 gives graphical 
representation of the possible structures that can form in the three-component system in 
terms of the percent makeup of the three components in the system.  The specific types of 
micellar systems examined in our studies are microemulsions.  Microemulsions are 
thermodynamically stable micellar solutions of three or more components.  Emulsions are 
not thermodynamically stable, but rather are kinetically stabilized dispersions.  Emulsions 
generally require high amounts of shear—external force exhorted on the system—to form 
and, once formed, display a kinetically controlled instability.  Microemulsions range from 
10 to 100 nm in size for each suspended particle.  Because of this small size,  
microemulsions are transparent4.   
 
There are many ways of examining and studying microemulsions.  The most common 
types of analysis are neutron scattering, dynamic light scattering, and x-ray scattering.  
Each analysis gives a different type of result based on the size range analyzed.  Light 
scattering gives spatial information about all the particles within a system, as well as the 
domain size, but gives no information about the individual particles.  X-ray scattering and 
neutron scattering give information on the droplet size and shape within the 
microemulsion.  Spectroscopy gives information about energies and local interactions 
within a system.  The specific type of spectroscopy we used in our studies is fluorescence 
spectroscopy.  By introducing fluorescent molecules into the microemulsion system, we 
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can observe any change in the environment because the probes are affected by the 
environment and exhibit changes in their fluorescent signals as a result.  This analysis 
does not give information about the individual particles within the system, but rather 
spectroscopy gives spatial average of local interactions.  By using this type of analysis in 
conjunction with the other types of analysis discussed above, one can obtain information 
about the whole system.  This requires the collaboration of different research groups with 
different expertise and various analytical capabilities.   
 
1.1  Micellar Solutions 
In the presented work, reversed-phase micellar solutions are considered.  Reverse phase 
micelles are used because the number of amphiphilic molecules needed to self-aggregate 
is lower than those of the normal phase micellar solutions.   
 
 
Figure 1.5: Model of a Swollen Micelle5 
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Micelles in w/o microemulsions consist of three basic domains of interested: the oil-rich 
region, the interface, and the water core (Figure 1.5).  The oil-rich region is that which is 
outside of the particle and does not contain surfactant.  The interface is where the three 
components interact, separated by the surfactant.  The water core is the region within the 
particle that contains the water and is surrounded by the surfactant molecules.  Depending 
on the size of the microemulsion particles, the water core can consist of regions that are 
more and less affected by the surrounding surfactant molecules.  The interaction of both 
oil and water components with the surfactant is of particular interest to our studies.  
Figure 1.6 shows a phase diagram for the AOT water/decane system similar to the one 
used in our experiments.   
 
Figure 1.6: Phase Diagram of Decane/AOT/D2O Volume % at 25oC6 
 
The numbers along the side of the phase diagram indicate the percent composition for 
each of the three components ranging from 0 to 100 percent.  The diagram in Figure 1.6 
shows data for systems with higher concentrations of decane and AOT and lower 
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concentrations of water.  Our work focuses on the oil-rich region of the phase diagram 
because, as stated earlier, AOT favors being in a reverse-phase micelle because its 
structure contains two large non-polar tails.  Structures similar to those seen in Figure 1.4 
can be obtained with AOT, but were not studied in our experiments.  
 
To characterize the makeup of a microemulsion systems, a series of parameters, φ, α and 
W, are used to represent ratios of the components that make up the microemulsion.  Phi, 
φ, is the volume fraction of all components suspended within the solvent to the volume of 
the entire system.  For reverse-phase microemulsions in oil, this includes: the surfactant, 
water, and any fourth polar component –  alcohol for this experiment – compared to the 
total sum of components as shown in Equation 1: 
 
oilalcoholwaterAOT
alcoholwaterAOT
VVVV
VVV
+++
++
=ϕ  (Equation 1) 
The denominator for Equation 1 adds up to the total volume of the system.  The range of 
phi values for our study was φ = 0.2 to 0.5. AOT systems in this range have been shown 
to produce stable solutions that are small enough to avoid coagulation, yet still contain 
enough particles for adequate observation.  For most of our work, the phi value was kept 
at 0.2.  The second parameter, W, is the mole ratio of water to surfactant within the 
microemulsion system.  The surfactant creates a shell around the water droplet that has 
three dimensions to it.  To simplify the math, this ratio can give a rough estimation of the 
volume-to-surface-area ratio of the micelle.  This estimation can give information about 
the size of the particles in the microemulsion, which is important for understanding the 
analysis of our experiments because the φ value is kept constant in all systems analyzed.  
Therefore, the total volume of suspended particles is the same within the microemulsion; 
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only the size and number of particles changes as controlled by the W value.  A large 
value of W means the system has a large amount of water to surfactant, and so we find a 
smaller number of larger particles, resulting in a minimal amount of surface area for a 
given φ.  A small value of W means the system has a small amount of water to surfactant 
and we find a larger number of small particles resulting in a maximum amount of surface 
area for a given φ.  The limiting factors of W are between 10 and 45.  Below this range, 
the amount of water becomes too small to stabilize the head groups of the surfactant.  
Above this range, phase separation can occur as seen in Figure 1.6.  Figure 1.7 shows 
results from G.B Behera et. al.7, where it was found that once the W value crossed below 
a value of 10, the microviscosity of water increases at an exponential rate.  The 
microviscosity is a measurement of the viscosity of the water core.  This viscosity affects 
how the core within the micelle moves independently of the surfactant molecules 
surrounding it.  The increasing microviscosity in the systems with low W values means 
that the system is quite sensitive to changes in W.   
 
Figure 1.7: Plot of Microviscosity of Water Compared to Size of Microemulsion 
Particles5 
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Once a fourth component is added to the system, a third variable is needed to measure the 
concentrations of the system.  In these experiments, alcohol is the fourth component, 
cosurfactant,  so the third variable is designated alpha, α.  Alpha is the mole ratio of 
alcohol to surfactant.  The ratio of α/W is the ratio of alcohol to water.  In studying the 
four-component microemulsions systems, we hope to find the effects that the alcohol has 
on the system, where the alcohol migrates to, and if it has any interactions with the other 
three components that might change the properties of the system.   
 
Because of small particle size and system homogeneity, the microemulsions require 
sensitive instrumentation for observation, analysis, and characterization.  Some of the 
more useful forms of analysis consist of dynamic light scattering, x-ray scattering, NMR, 
and fluorescence.  Each form of analysis has its own strengths and limitations.  The data 
presented in this paper comes from analyses carried out through fluorescence, although 
different types of analyses are required to fully understand the microemulsion systems. 
 
1.2 Microemulsion Applications 
Microemulsions have many uses in the scientific community.  These uses range from the 
facilitation of specific reactions to various industrial uses.  One industry that relies on 
microemulsions is the cosmetic industry.  The transparent look of the microemulsion is a 
major cosmetics property that sells to customers because of the clean appearance it 
provides.  Microemulsions allow for the mixing of both hydrophilic and hydrophobic 
components into a stable form, which allows the cosmetics—limited only by the 
chemical stability of the components—to be used for long periods of time.  The fact that 
consumers do not need to mix microemulsions or prepare them for usage is one reason 
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they are popular.  The less work that a consumer is required to perform to use a product 
or to make the product last a longer amount of time, the more a consumer is inclined to 
purchase and use the product.  For the cosmetic producer, this ease of formation amounts 
to a less costly production because of the energy difference between making emulsions 
and microemulsions, which is more than enough savings to offset the cost of increased 
surfactant concentration in the microemulsion.  Microemulsions require 10-15% 
surfactant and cosurfactant by weight, which is about four times the concentration of 
surfactant needed in emulsions8, as demonstrated in Figure 1.4 at the base of the triangle.  
This region is rich in surfactant and ranges from oil-rich to water-rich for reverse-phase 
and normal-phase microemulsions, respectively.  The surfactant molecules are often 
chosen for their beneficial cosmetic effects; this offers more rationale to using a higher 
concentration.  Legal restrictions on volatile organic compounds in cosmetics have given 
microemulsions an application as precursors to formulations.  As a result, the fragrance 
producers have changed the formulas of their products using microemulsions and 
removed the traditionally-used alcohol solutions to ensure cost reduction9.  
Microemulsions have been used in the cosmetic industry to produce cleaners, hair 
products, fragrances, antiperspirants, and skin-care products to name a few uses.  
Microemulsions make excellent cleaners because the suspension of both hydrophilic and 
hydrophobic solutions allow for both oil and water-based materials to be solubilized 
within the microemulsion making it easier to clean the skin.  Microemulsions allow 
perfume oil to be solubilized in water to create a clear solution that does not use volatile 
solvents.  By reducing the amount of volatile solvents, or removing them completely, the 
amount of drying and irritation resulting from the volatile solvents will be reduced or 
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eliminated.  Water in oil microemulsions are used in antiperspirants.  These 
microemulsions must be able to hold high concentrations of salts, which are the active 
ingredients of antiperspirants and deodorants10.  Overall, the use of microemulsions in the 
cosmetic industry has allowed for the removal of volatile chemicals, which can have 
adverse effects on people at high levels of exposure.  The ability to create 
microemulsions using surfactants that are cosmetically beneficial only helps in the 
production and sales of products.  
 
Microemulsions have been used in the production of liquid membranes to improve 
selective separation of solutes.  In general, a liquid membrane is a fluid phase between 
two phases that are immiscible with the liquid membrane11.  The separation of the phases 
is inherently favored.  This is because the difference in the density of the fluids will cause 
rapid and irreversible phase separation.  The liquid membrane is configured to minimize 
these effects and stabilize the system.  Microemulsion liquid membranes are formed by 
creating a surfactant-stabilized microemulsion between two immiscible phases.  The 
solute is selectively transported across the immiscible layer into the receiving phase 
within the microemulsion.  The phase that contains the solute to be received is referred to 
as the feed phase.  The receiving phase and feed phase are separated.  These phases are 
then stabilized by a microemulsion formed of the membrane and receiving phase, usually 
as a water-in-oil microemulsion.  This separation can be used to separate concentration 
gradients, to increase the rate and capacity of separation, and to improve the energy 
efficiency of separation.   
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Figure 1.8: Diagram of a Liquid Membrane12 
After the extraction has occurred, the microemulsion can be demulsified to extract the 
solute.  This is done by using a stripping step to replenish the extracting agent within the 
microemulsion and concentrate the extracted solute.  High-voltage electric fields are 
successful demulsifiers for this process.  Microemulsion liquid membranes are 
advantageous because of the large surface area for solute transfer; however, they lack the 
stability that allows for leakage of solute and stripping agent into the feed phase and thus 
reduce the efficiency of the process.  Swelling can also occur when the feed phase gets 
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within the microemulsion through osmotic pressure or leakage; this reduces the 
concentration of the stripping reagent and lowers the efficiency.   
 
Microemulsions show advantages over emulsions within these systems as liquid 
membranes.  The microemulsions have low interfacial tensions, resulting in smaller 
droplets within the microemulsion, which causes faster transfer of the solute due to the 
increased surface-area-to-volume ratio.  Microemulsions are thermodynamically stable 
and do not phase separate like emulsions and are therefore less likely to leak.  
Microemulsions are also advantageous because of the reversible-phase behavior they 
exhibit.  Some microemulsions exhibit a phase-inversion temperature.  This is a 
temperature where the structure of the microemulsion breaks down and separation of the 
phases does not occur.  For normal-phase microemulsions, this occurs below the phase 
inversion temperature.  For reverse-phase microemulsions, this occurs above the phase 
inversion temperature.  For some surfactants, this inversion results in a narrow 
temperature range in which stable microemulsions can be produced.  This allows the 
microemulsion phase to easily form and break through something as simple as a 
temperature shift.  Once this temperature is reached, the microemulsion loses its stability 
and form.   
 
Microemulsions can be used as liquid membranes to separate a variety of solutes, 
including: organic molecules, metal ions, and proteins from dilute aqueous streams13.  
Although the microemulsions are more advantageous than emulsions for liquid 
membranes, the microemulsion liquid membranes can still exhibit some of the problems 
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associated with the emulsion type.  The microemulsion liquid membrane can still swell 
and leak; the frequency that these effects occur can be affected by the system in which 
the microemulsion is used.  Further, the extraction of the solute using phase separation 
does not occur in all systems and is found to be system dependent.  Therefore, it is 
advantageous to observe the effects of a particular microemulsion liquid membrane in a 
system and to choose the components of the microemulsion that will maximize the 
effectiveness of the microemulsion within the system. 
 
Microemulsions are one way that oil can be recovered from reservoirs.  Oil recovery 
occurs in three stages14: The first stage is recovery due to the pressure of natural gases 
that force the oil out through production wells; the second recovery stage is due to the 
injection of water into the reservoir to repressurize it; the third recovery stage is due to 
either thermal processes (consisting of in-situ combustion, steam injection and wet 
combustion) or chemical flooding (consisting of flooding, surfactant flooding, micellar 
polymer flooding, and CO2 flooding).  Oil that remains in the reservoir after water 
flooding is believed to form oil ganglia that becomes trapped in the pore structure of the 
rock due to capillary forces.  Surfactant solutions are injected to lower the interfacial 
tension of the oil ganglia so that they can be mobilized and can move through the narrow 
necks of the pores.  Microemulsion flooding can be used to improve oil recovery with the 
proper selection of chemicals in formulating the surfactant chemical slug15.  The 
microemulsion slug partitions into three phases: The surfactant-rich middle phase, as well 
as the surfactant-lean brine and oil phases below and above it, respectively.  Changing the 
parameters of the microemulsion can produce a transition from the lower to the middle 
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and upper phases of the slug, resulting in a better separation of the oil and brine.  The 
microemulsions allow the oil suspended in the brine solution or the water suspended in 
the oil solution to be transferred to the proper phase.  Once the oil and brine have been 
separated, the oil layer can be extracted.  The effectiveness of the recovery is dependant 
upon the solubilization of the chemical slug.  A chemical slug that is completely miscible 
with both oil and brine would result in high oil recovery.  Cosurfactants in the form of 
alcohols can increase the solubility of the surfactant in the oil and brine in the mixture.  
The optimal alcohol concentration is dependant on the brine concentration of the system.  
This type of oil recovery has received less use as technology has made other methods 
available.  Although the use of surfactants in the oil recovery has a high cost, the 
increasing demand and price of oil might be a justification for the use and the recovery of 
additional oil from reserves. 
 
The pharmaceutical industry uses microemulsions for drug delivery16.  Drug delivery 
systems are used to ensure that the drug is delivered to the target area of the body at the 
required dosage.  Emulsions, liposomes, liquid crystalline phases and microemulsions are 
some of the surfactant-based systems that are used as drug delivery systems.  
Microemulsions have the advantage over emulsions in these types of delivery systems 
because they form readily while emulsions require external forces to form, requiring the 
consumer of the drug to perform work.  Also, microemulsions are thermodynamically 
stable resulting in long-term stability of a system that can solubilize large amounts of 
both water- and oil-soluble drugs.  Microemulsions have also been found to improve drug 
bioavailability in topical and oral administration of peptide and protein drugs, sparingly 
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soluble lipophilic drugs, and drugs designed specific for the conditions in the stomach.    
Microemulsions also have the advantage of reduced pain associated with injection 
because of a lower viscosity17.  Although microemulsions have a large number of 
advantages in drug-delivery systems, they also come with disadvantages.  A couple of 
these disadvantages are that the microemulsion has a high concentration of surfactant and 
a limited solubilzation for high-melting substances.  The solubility of a substance within 
a microemulsion is dependent on the type of microemulsion.  W/O microemulsions have 
a greater ability to solubilize oil-based drugs and a smaller ability to solubilize water-
based drugs.  The reverse is true for O/W microemulsions, which is expected because the 
suspending and suspended media have reversed.  The drug will be delivered within the 
body, which contains both hydrophilic and hydrophobic sections.  The living cell is, in 
itself, an emulsion in that it contains both hydrophilic and hydrophobic sections that are 
separated by a cell wall made up of lipids, which are surfactants.  It was found that the 
solubility of a drug within a microemulsion is dependant on the molecular weights of the 
drug and the oil of the microemulsion.  This results in higher molecular weight drugs 
having more limited solubility than smaller molecular weight drugs.  When solubilized, 
the drugs can have an effect on the microemulsion particles.  The larger in size the drug 
is, the closer it gets to the magnitude of the microemulsion particle.  A molecule of the 
same magnitude of the swollen micelle has a greater ability to affect the properties of the 
microemulsion because it becomes a large part of the surrounding environment18.  The 
specific structure of the drug and the associated properties of said drug will also have 
effects on the microemulsion.   
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The toxicity of the microemulsion used in the delivery system for the drug is an 
important aspect to consider because microemulsions have a high concentration of 
surfactant and the majority of these surfactants have secondary co-surfactants, usually in 
the form of short- or medium-chain alcohols.  These alcohols have been found to cause 
toxic side effects.  To counter this downside, non-ionic surfactants have been studied and 
found to function without co-surfactants better than the traditional ionic surfactants do.  
An example is a polyurea surfactant; the head group of a polyurea molecule has the 
ability to change shape and relative size based on the environment.  Even though the 
surfactants can pose a problem in drug delivery systems, microemulsions show a large 
number of advantages over other types of emulsion formulations and, with the continued 
development of surfactants that pose less of a health risk, the problems may disappear. 
 
1.3 Our Research Goals 
Our goals were to find two stable fluorescent molecules that would detect changes inside 
and outside of the micelle of the microemulsion when the parameters (φ and W) were 
altered.  The stability of the fluorescent probes required that they maintain their 
fluorescence characteristics over several days.  The probes were also needed to be 
unaffected by the components of the microemulsion or any other substances that might be 
added—for this study alcohol was added as a fourth component.   Furthermore, the 
probes should not affect any substance within the microemulsion.  Once these 
requirements had been determined, a study was performed to find the fluorescence 
characteristics of the fluorescence probes in solvents and microemulsions of three and 
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four components.  If the two probes worked individually, they were used in conjunction 
within the microemulsion to verify they did not affect each other. 
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2.0 Theory 
2.1 Photochemistry 
Photoexcitation occurs when a molecule absorbs a photon and the electrons of this 
molecule are promoted from a ground state, S0, to an excited state.  There are multiple 
excited states into which the molecule can be excited.  Depending on the energy of the 
photon, the lowest excited state is designated S1.  Within each excited state there are 
various vibrational states in which the molecule can exist.  Relaxation occurs when the 
molecule moves to a vibrational state of lower energy.  The molecule’s electrons can also 
move to a different energy state:  Internal conversion is a movement between two similar 
excited states (singlet to singlet), and intersystem crossing is movement between two 
different types of excited states (singlet to triplet). This excited state relaxes back to the 
ground state in several ways; the important ones for this experiment are through 
fluorescence and phosphorescence.  Fluorescence occurs when the molecule in an excited 
state that has the same spin of the ground state returns to the ground state, resulting in 
photon emission19.  Phosphorescence occurs when the molecule in an excited state of a 
different spin than the ground state returns to the ground state resulting in photon 
emission.  A Jablonski diagram shows the different excitation and emission pathways 
available when a photon is absorbed (Figure 2.1).  Figure 2.1 shows the energy 
transitions for both fluorescence and phosphorescence.  Lamda, λ, refers to the specific 
wavelength of light that correlates to a transition.  Wavelength is related to energy by the 
following equation: 
 λ
hcE =  (Equation 2) 
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Equation 2 shows the inverse relationship between energy and wavelength.  In Equation 
2, c stands for the speed of light and h for Plank’s constant.  Only a specific wavelength 
and energy will result in a transition from a non-excited state to an excited state.   
 
Figure 2.1: Jablonski Energy Diagram20 
 
As seen in Figure 2.1, multiple energy state transitions exist for a given energy diagram.  
In Figure 2.1, λ1 refers to a transition from the ground state to the lowest excited state, 
written as a transition from S0 to S1, while λ2 refers to a transition from ground state to 
the second lowest energy state, S2.  This excitation can result in the molecule ending up 
in any number of vibrational states.  Vibrational states exist for each excitation state and 
are associated with much smaller energy spacing than between electronic levels.  
Vibrational relaxation occurs when the molecule relaxes to a lower vibrational state that 
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is not associated with the emission of light in the visible spectrum.  Conversion—
changing from one excited state to another—can result in various vibrationally excited 
states.  In Figure 2.1, λ3 refers to the relaxation from the S1 state to the S0 state resulting 
in the emission of light shown in the diagram as fluorescence.  If the molecule in the 
excited state relaxes to a different state before relaxing to the ground state—relaxing 
from the S1 state to a triplet T1 state in the figure—phosphorescence can occur as 
depicted by λ4.  Fluorescence has a lifetime of 10-6 to 10-9 seconds, while 
phosphorescence has a lifetime of 1 to 10-3 seconds.  Because phosphorescence is long-
lived compared to fluorescence, it is more environmentally sensitive, too sensitive for the 
study of the microemulsion systems that we analyzed.  This sensitivity can lead to 
quenching of the light emitted during phosphorescence by the surrounding solvent.  
Quenching occurs as a result of the following: The energy associated with the excitation 
is dissipated by the solvent; the intensity of the light is lessened through absorbance of 
the energy of dissipation in the solvent media; excited state reactions; energy transfers; 
formation of complexes; or dissipation of energy through collision.  Phosphorescence 
spectra have less intensity than fluorescent spectra, resulting in a lower quantum yield; 
the resulting spectra are red-shifted because the state is of lower energy.  Quantum yield 
is the ratio of molecules that luminesce to the total number of excited molecules.  A high 
quantum yield indicates that there are few de-excitation mechanisms competing with the 
emission.   
 
Each excitation requires a specific amount of energy.  These different energy levels can 
easily be observed using luminescence spectroscopy.  Figure 2.2 shows an 
excitation/emission spectrum for anthracene.  Five excitation and emission peaks are 
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shown for transitions between the ground state and first excited state that correspond to a 
transition into different vibrational states.  The dotted line refers to the excitation spectra, 
and the solid line to the emission spectra.  The phosphorescence peaks are shown as well, 
and are red-shifted from the fluorescence peaks.  As stated above, the quantum yield of 
phosphorescence is lower than that of fluorescence and therefore the corresponding peaks 
for phosphorescence are of lower intensity than the fluorescence peaks. 
 
Figure 2.2: Excitation/Emission Spectra of Anthracene from Ground State S0 to Excited 
States S1 and T1 in Various Vibrational Excitation States21 
 
When choosing a fluorescence peak, or peaks, as a reference point, it is important to look 
at the surrounding peaks and the relationship between the excitation and emission 
wavelengths.  If the wavelengths are within the proximities of one another, approximately 
25 nm or less, the peaks will interfere with one another and accurate information cannot 
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be obtained.  In these cases, other less intense peaks must be used because the important 
wavelengths for excitation and emission are farther apart.  Care must also be taken to 
ensure that multiple peaks are not overlaid with a reference peak, as this can also lead to 
error in measurement. 
 
The emission/excitation spectra for a given analyte can be affected by the solvent that it 
is in.  Just as the analyte itself absorbs and emits light of given wavelengths, the 
surrounding solvent has the ability to absorb and emit light.  As a result, care must be 
taken to ensure that the absorbance and emission wavelengths do not overlap.  This will 
ensure that the signal from the analyte is not absorbed, strengthened, or altered by the 
solvent.  The extent of this  effect can easily be observed for different solvents because of 
the high concentration of solvent within a sample.  The analyte is generally in the 
micromolar concentration, so its peaks can be dwarfed by the intense peaks from the 
solvent.  Spectral characteristics for various solvents can be found within literature to 
verify if a given solvent will be effective for a given emission/excitation spectra.   
 
Along with a solvent affecting an analyte through direct absorbance or emission, solvents 
can also affect how the analyte emits and absorbs light.  The analyte-solvent interaction 
can lead to solvatochromic shifts, electrochromic shifts, or dielectric relaxation shifts22.  
Solvatochromic shifts result from the interaction of the analyte and the surrounding 
environment; these changes can include pH, polarity, and organic/aqueous interactions.   
Depending on the chemical structure of the analyte, the environment of the solvent can 
change the analyte if the analyte is environmentally sensitive.  These changes can affect 
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the energy levels of a molecule, shifting the HOMO and LUMO levels apart (blue-shifted 
spectra) or together (red-shifted spectra).  The environment can favor a change in 
chemical structure and charge density, like pKas of particular functional groups favoring 
the formation of ions in the environment.  A specific example is if a molecule contains 
phenol or amine groups.  The charge of these groups is affected by the pH of the solvent 
and a difference can be observed between the neutral and ionic forms.  Electrochromic 
shifts are caused by an interaction with an external electric field, an example being a 
biomembrane potential-sensitive analyte.  Dielectric relaxation shifts, as the name 
implies, are caused by a relaxation of a dielectric within the environment of the analyte.  
If the environment loses its non-conducting properties, the resulting changes may affect 
the fluorescent molecule in ways that change its fluorescent properties. 
 
If a large number of environments for a given analyte are to be examined, a standard way 
of comparing these environments is needed.  One standard is given by measuring an 
ET(30) number.  The ET(30) number is the energy associated with the largest absorbance 
peak of Reichardt’s Dye within the given solvent or environment.  Reichardt’s Dye, 
Figure 2.3, is an absorption probe, so it changes color depending on the polarity of the 
solvent.  The range of color change that this zwitterion exhibits is quite large, and 
therefore has been used as the standard to correlate spectral shifts with polarities in 
microsystems.  
  28  
N+ O-
 
Figure 2.3: Structure of Reichardt’s Dye 
 
The type of fluorescence probe that is used in a system depends on the type of system and 
the particular interaction the probe is required to monitor.  Some systems require the 
fluorescence characteristics of the probe to be unaffected by anything; this tends to be the 
case when the probe is used to map out its environment by moving through it and 
detecting where movement is favorable.  An example is a biological system.  Dyes in 
certain biological applications are used as markers for flow through a living system.  This 
movement is mapped to better understand how and why the flow occurs.  Other 
environments of interest require the probe to be affected by specific changes in the 
environment.  These changes can include: An unwanted condition that the probe is 
sensitive to, a number of conditions that can change, or a particular change that is being 
analyzed among multiple changes.  This type of change might be in terms of pH or a 
charge transfer within a complex.  Fluorescent probes can also be used to measure 
multiple changes at once (temperature, pH, polarity, electrostatics, etc.).  Probes with 
multiple responses to environmental changes are used in systems where the changes in 
these factors (temperature, pH, polarity, electrostatics) are small in magnitude and 
multiple factors are being observed simultaneously.  Systems with multiple response 
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factors require the most understanding because of the large possible sources for signals.  
The probes used in these studies can also be used when the measurable signal resulting 
from a change is drastically smaller and a large sensitivity is needed to observe it.   
 
Multiple factors can affect the fluorescence of a probe depending on its structure.  There 
are also factors that can be introduced that affect a molecule’s ability to fluoresce or the 
intensity of its fluorescence.  The addition of oxygen into a sample will quench the 
intensity of the fluorescence emission.  This will result in less intense spectra with more 
defined individual peaks if the signals are very close together.  If temperature is 
increased, the molecules within the environment will move at a faster rate causing more 
collisions.  These collisions can reduce the fluorescence intensity by increasing the 
relaxation and lowering the quantum yield.  The fluorescence of a probe can also be 
affected by energy-transfer and charge-transfer reactions.  The intensity of the spectra can 
also be increased.  If nitrogen is introduced into a sample, the inert qualities of the gas 
allow the intensity of the fluorescence to increase.  Decreasing temperature can also 
increase this fluorescent intensity because it lowers the speed of the molecules, lessening 
the collisions between these molecules and decreasing the relaxation of excited 
molecules.  pH can also affect the fluorescence, depending on the probe’s structure.  This 
can increase or decrease the intensity because changes in pH can change the molecular 
structure of some probes as well as their charge distribution.   
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2.2 Fluorophores 
A fluorophore is a molecule or molecular fragment that fluoresces.  A fluorophore 
absorbs a specific wavelength of light and emits a lower energy photon when it 
fluoresces.  Like all fluorescent analytes, fluorophores can be affected by the 
environments in which they are located.  This can result in a shift in the emission 
wavelength, the intensity of emission, and the shape of the emission spectra.  Different 
properties are desired, depending on the use of the fluorophore.  These variations may 
include: difference in emission and excitation wavelengths; the amount that the emission 
and excitation wavelengths can be affected by external forces; and the number of 
fluorescent centers on a given fluorophore.  If a molecule has multiple fluorescent 
centers, the fluorophore can have different excitation/emission characteristics for each 
site and each can be affected differently by environmental factors.  For example, if single 
hydrophilic and hydrophobic fluorophores were connected, the resulting molecule could 
exhibit different spectra in environments of varying polarity.  Combining two molecules 
does not always result in spectra similar to the original compounds because the 
fluorescence characteristics of a molecule are dependent on the steric and chemical-
electric characteristics of the molecule.  The fluorescent characteristics can easily be 
affected by combining molecules with different structural, chemical, and physical 
characteristics.   
 
Fluorophores are used for a wide range of applications.  In biology, fluorophores are used 
to tag specific specimens that are being analyzed, like proteins.  A fluorophore that is not 
environmentally sensitive is attached to the specific analyte being observed and the 
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fluorescent properties of the fluorophore allow it to be tracked within a system to observe 
the analyte in a non-invasive way.  Fluorophores that mimic molecules found in a system 
can be used, allowing them to be in the vicinity of the analyte.  In microemulsion-based 
reactions, a molecule is formed within a microemulsion, which allows for control of all 
aspects of the synthesis.  An example is that the size of the micelle will determine the size 
control of the resulting product.  Using fluorophores in such reactions can show the 
characteristics (similar to the φ, α and W values used in our systems) of the system, 
which, due to size, are often not detectable using most common analysis tools.  The 
fluorophore is in proximity of the analyte and reacts to its chemical changes.  
Fluorophores are very important in biochemistry, specifically in the studies of 
immunofluorescence where specific antibodies are labeled with fluorophores.  This 
labeling allows, though confocal microscopy23,   visual observation of the distribution of 
the molecules within the cell. 
 
Several companies specialize in producing customized fluorophores.  These companies 
provide a wide array of characteristics in their fluorescent probes.  Environmentally 
insensitive probes are the most popular because of their wide use in the biological 
sciences.  Fluorophores that are environmentally sensitive, and those with multiply 
varying emission/excitation characteristics, are less likely to be sold commercially 
because there is less demand for their use.  Most fluorophores that have multiple 
emission/excitation characteristics are enormous in size compared with micelles of the 
emulsion systems that they might be used in.  This size difference between probe and 
particles within the system does not allow for easy analysis because the size of the 
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fluorophore affects the analyzed system.  The required environmental specificity varies 
from system to system, so the different needs of fluorophores would not allow for the 
bulk production and marketing of these fluorophores.  Commercially available 
fluorophores that are made to respond to specific environments are usually very 
expensive, much more so than the cost of synthesizing these molecules.  Most groups 
working with these types of probes tend to synthesize their own fluorophores, tailored to 
the specific needs of their applications.  
 
2.3  Preliminary Work 
We examined and synthesized several fluorophores to observe whether or not they 
possessed the proper characteristics for the needs of our work.  Several were not found to 
meet our requirements, either through properties of the fluorophore or difficulty of the 
synthesis of the actual probe.  Some fluorophores that were examined but ultimately not 
used in our study are: 3-hydroxychromone, 4’-dimethyl-3-hydroxyflavone, and 
fluorescein (Figures 2.4, 2.5 and 2.6).  3-hydroxychromone (chromone), Figure 2.4, was 
picked because it had two fluorocenters: one hydrophilic and one hydrophobic.  Initially 
the hope was to find a single molecule to give information on both sides of the interface 
of a micelle.   
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Figure 2.4: Structure of 3-Hydroxychromone 
 
The chromone synthesis was modified from an existing synthesis24 and was performed. It 
was found that the intermediate in the two-step synthesis was not completely stable, even 
under nitrogen, so this synthesis was abandoned for our lack of organic-synthesis 
expertise.  The next fluorophore examined was a larger version of chromone; it was 
hoped that a larger version would be more stable.  4’-dimethyl-3-hydroxy flavone, Figure 
2.5, was synthesized25 using materials similar to chromone and resulted in a more stable 
product; however, the product was an oil which was not a suitable form for analysis of 
our microemulsion systems.   
 
Figure 2.5: Structure of 4’-Dimethyl-3-Hydroxyflavone 
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To alleviate the problem of organic synthesis, a commercially available fluorescent 
molecule was used to make some early fluorescence measurements.   
 
Figure 2.6: Structure of Fluorescein 
 
Fluorescein, Figure 2.6, was used because it is commercially available, is relatively 
cheap, and is used as a standard in some fluorescence experiments.  The problem found 
with fluorescein is that it is too environmentally sensitive.  The large number of acidic 
aromatic hydroxyl groups found on the molecule makes fluorescein sensitive to just about 
any parameter of the system.  Our hope was to make use of molecules that were sensitive 
to polarity, the large difference between phases of a microemulsion system.  
NH2
N
 
Figure 2.7: Structure of 9-Aminoacridine  
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 In the end, 9-aminoacridine, Figure 2.7, was used and determined to be the ideal 
candidate for use with the dansylpiperidine probe, Figure 2.8.  The dansyl probe had 
previously been synthesized and examined by Diva Avizaite26. 
 
Figure 2.8: Structure of Dansylpiperidine Probe 
 
The dansylpiperidine and acridine probes were used to study the characteristics of the 
three-component system of AOT octane/water microemulsions.   
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3.0 Experimental 
3.1  Materials and Instruments 
Solvents 
Deionized, distilled water was filtered through a Barnstead® Nanopure Ultrapure water 
system.  Organic solvents, including 1-butanol, 2-propanol, cyclohexane, hexanes, 
methanol, and toluene, were purchased from Baker and used as received.  Solvents 2-
butanol and decane were purchased from Aldrich and used as received.  Tetrahydrafuran 
and tertiary-butyl alcohol were purchased from Fisher.  Tetrahydrafuran was distilled 
from sodium benzophenone ketyl and tertiary-butyl alcohol was freshly distilled neat 
before use.  Acetonitrile was purchased from Mallinckrodt and used as received.  1,4-
dioxanes and d-chloroform were purchased from Acros and used as received.  Ethanol 
was purchased from AAPER and used as received.  Octane was purchased from Fluka 
and used as received. 
 
Reagents 
Reagents including dansyl chloride, piperidine, anthracene, dioctyl sulfosuccinate sodium 
salt, 9-aminomethylacridine, Reichardt’s Dye, methylaminoethanol and N,N-
dimethylinodoaniline were purchased from Aldrich and used as received, unless 
otherwise stated.  Isonipecotic acid was purchased from Acros and used as received. 
 
Chromatography 
Chromatography was performed using silica-gel 60 F254 plates purchased from EMD 
Chemicals.  Plates were run in a 7:3 diethyl ether:hexane solution and results were 
observed under UV light. 
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3.2 Synthesis 
Synthesis of Dansyl-Piperidine Probe 
To a 100-mL flame-dried round-bottom flask, 1.696 grams (6.28 mmol) of dansyl 
chloride were added under argon and dissolved in 62.87 mL dry THF.  The reaction 
mixture was cooled in an ice bath at 0oC and stirred throughout with a magnetic stir bar.  
To this solution, 0.62 mL (12.56 mmol) of piperidine was added drop-wise until a color 
change was observed.  Once the solution became bright yellow, an additional 1 mL of 
piperidine was added to ensure a complete reaction.  The solution was allowed to stir, and 
warm to room temperature overnight.  To this solution, 3 mL of cyclohexane were added; 
the solution was washed with water.  The organic solvent was evaporated and the crystals 
were washed with cold water and collected through vacuum filtration.   
 
Synthesis of Dansyl-Isonipecotic Acid Probe 
To a 250-mL flame-dried round-bottom flask with a magnetic stir bar, 1.5609 grams 
(5.79mmol) of dansyl chloride were added and dissolved in 45 mL of cyclohexane.  In 
addition, 0.7522 grams (5.82 mmol) of isonipecotic acid were dissolved in 15 mL of 0.1 
M NaOH.  The isonipecotic acid solution was slowly added into the stirring dansyl 
solution.  The solution was capped with a rubber septa and allowed to stir overnight.  The 
solvent was removed producing orange crystals.  The crystals were washed in water and 
collected by filtration.  The product was analyzed for purity using TLC in a 7:3 diethyl 
ether:hexane solution.   
 
 
  38  
Synthesis of Methylaminoethanol Probe 
To a 100-mL flame-dried round-bottom flask with a magnetic stir bar, 0.407 grams (1.51 
mmol) of dansyl chloride were added under argon and dissolved in 15 mL dried THF.  
The reaction mixture was cooled in an ice bath at 0oC.  To this solution, 0.24 mL (1.51 
mmol) of methylaminoethanol was added drop-wise until a color change was observed.  
Once the solution became bright yellow, 0.1 mL additional amine was added to ensure 
complete reaction.  The solution was allowed to stir, warm to room temperature, and to 
continue stirring overnight.  The resulting solution was a pale-yellow liquid with a white 
oil.  2 mL of cyclohexane were added to the solution; the oil did not dissolve in the 
cyclohexane.  The solution was washed with water to remove the oil from solution.  The 
cyclohexane was evaporated and the yellow crystals collected through filtration. 
 
3.3 Sample Preparation 
Preparation of Probe Solutions 
All probe solutions were made up as 10-3 M solutions of probe (dansylpiperidine probe, 
9-aminomethylacridine, and anthracene) in 2-propanol.  These solutions were mixed until 
homogeneous.  The dansyl isonipecotic acid probe and the methylaminoethanol probe 
were developed as potential precursors for the attachment of a tether between the dansyl 
and acridine probes.  At the time of this research, the tethered probe could not be 
developed.  Therefore, these probes were not utilized in our experiments and are not 
included in discussions of this paper. 
 
 
  39  
Purification of Bis(2-Ethylhexyl) Sulfosuccinate (AOT) 
Approximately 26 grams (58.5 mmol) of bis(2-ethylhexyl)sulfosuccinate sodium salt was 
dissolved in 60 mL of methanol and filtered through Acrodisc® 25 mm syringe filters w/ 
0.2 µm HT Tuffryl membranes into a 250-mL round-bottom flask.  The methanol was 
evaporated off using a Buchi Rotovapor R-114.  The solution was allowed to spin at 
room temperature for 30 minutes; next it was put into a 50oC water bath and evaporated 
until dry.  The dry surfactant was dissolved in 60 mL of hexanes and filtered through a 
carbon-black filter.  The filtered solution was placed back in the rotovap and allowed to 
spin for 30 minutes at room temperature then placed in a 50oC water bath and evaporated 
until dry.  The dry surfactant was again dissolved in methanol, rotovaped, filtered, 
dissolved in hexane, and rotovaped as described above.  The dry surfactant was then 
ready for use in micellar solutions. 
Micellar Solution Preparation 
Once a micellar solution of particular makeup (φ, α and W values) was determined and 
the amount of components calculated, the calculated amount of AOT was dissolved in the 
calculated amount of octane.  This solution was mixed until homogeneous; next the 
calculated amount of water was added, mixed until homogeneous, and the solution was 
allowed to sit for 24 hours before use. 
Fluorescence Sample Preparation 
Spiked solutions were prepared by injecting 1 µL of 10-3 M probe solution per 1 mL 
sample microemulsion.  The samples were mixed thoroughly and allowed to equilibrate 
for 20 minutes before analysis was carried out. 
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3.4 Experimental Settings 
Instrumentation 
A Hewlett Packard 8453 Diode Array spectrophotometer was used to measure all 
absorbance values used to calculate ET(30) values using Reichardt’s Dye.  A Perkin 
Elmer LS50B luminescence spectrometer was used for all fluorescence measurements.  A 
Bruker, DRX-300, 300 MHz NMR spectrometer was used for all analyses of synthesized 
products. 
 
Instrument Setting/Conditions for Analysis 
All instruments were run at room temperature unless specified.  Fluorescence and UV-
Vis spectra were taken using a 1 cm X 0.5 cm quartz cuvet.  The instruments were run 
using the settings shown in Table 3.1. 
 
* Emission slit width and filters were 
altered to achieve an intensity between 500-
750 intensity units.  Intensity is measured in 
a relative unit and changes from day to day 
depending on external signals. 
 
 
 
 
 
 
 
Table 3.1: Instrumental Settings 
HP 8453 Diode Array spectrophotometer 
Wavelength Range   
Scan Rate Medium 
Sampling Interval Auto 
Scan Mode Single 
Measurement Mode Absorbance 
Slit Width 0.1 nm 
Attachments none 
LS50B Luminescence spectrometer 
Scan Speed 240 
Excitation Slit 3.2 mn 
Emission Slit * 
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4.0 Results 
A collection of fluorescent probes were developed to be used in AOT reverse-phase 
microemulsions.  These probes were analyzed in a variety of solvents with various values 
of ET(30) and within microemulsions.  The stability of the probes over a temperature 
range and over an extended time period were analyzed to ensure that the probes could be 
used for analysis within the parameters of the study.  The comparison of the spectra 
obtained in the microemulsions to those of the solvents would give information on the 
environment of the probe, which can be compared to the ET(30) value of the solvents.  
Once the probes were observed in solutions and found to be stable for the duration of the 
study, a fourth component—specifically t-butyl alcohol in our experiments—was added 
to observe any effect that this addition might have on the probes.     
 
4.1 Solvent Series 
All fluorescence spectra were converted to a number average wavelength, the first 
moment of the distribution of the spectra that is represented by the value M1.  The M1 
value represents the wavelength that corresponds to the averaged intensity values of the 
spectra, which is not necessarily the most intense point of the spectrum.  The equation to 
find the M1 value is as follows: 
 
( )
( )∑
∑ ×
=
Intensity
WavelengthIntensity
M1  (Equation 3) 
These M1 values were plotted versus the ET(30) value for each solvent.  The ET(30) 
values represent the energy associated with the absorbance maximum of Reichardt’s Dye 
in the solvent.  The M1 values were converted from wavelengths to energy, in Kcal per 
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mole, for a more comparable value to the ET(30) value.  This value correlates to the 
micropolarity of the solvent.   
Solvent ET(30)/(Kcal*mol-1) 
1-Butanol 49.7 
2-Butanol 48.6 
2-Propanol 48.4 
Acetonitrile 45.6 
Cyclohexane 30.9 
Decane 31.0 
Dioxane 36.0 
Ethanol (80:20) 53.7 
Methanol 55.4 
Octane 31.1 
T-Butanol 43.3 
Water 63.1 
Table 4.1: ET(30) Values27 
 
Table 4.1 shows literature ET(30) values obtained for each solvent used in these 
experiments.  Figure 4.1 shows the fluorescent peak for the dansylpiperidine probe, from 
here on referred to as the dansyl probe, in solvents of varying ET(30).  The intensity of 
the dansyl peak is larger in less polar solvents—those with lower ET(30) values.  While 
the dansyl peak becomes less intense in more polar environments, it also red shifts, 
resulting in a higher M1 wavelength and a smaller M1 energy.  In Figure 4.1, which 
shows the dansyl fluorescence signals in various solvents, it can be observed that there 
are distinct peaks shown.  The non-polar solvents show a blue-shifted peak with greater 
intensity than the other solvents and the polar solvents show a red-shifted peak with a 
lower intensity.   
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Figure 4.1: Dansyl Probe Emission Spectra in Various Solvents 
 
Between the polar and non-polar peaks in Figure 4.1 is the peak for dioxane.  This signal 
is between the two other types of signals in terms of wavelength and intensity.  Table 4.2 
shows the conversion of M1 values for all solvent series from wavelengths to energies for 
dansyl.   
Solvent ET(30)(Table 4.1) M1(nm) M1(Kcal/mol) 
1-Butanol 49.7 513.6 55.6 
2-Butanol 48.6 511.6 55.8 
2-Propanol 48.4 513.0 55.7 
Acetonitrile 45.6 512.8 55.7 
Cyclohexane 30.9 457.3 62.5 
Decane 31.0 458.3 62.3 
Dioxane 36.0 488.9 58.4 
Ethanol 53.7 513.0 55.7 
Methanol 55.4 521.6 54.8 
Octane 31.1 456.5 62.6 
Water 63.1 534.0 53.5 
Table 4.2: Conversion Data of M1 Values for Dansyl Probe Spectra 
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Figure 4.2: Solvent Series for Dansyl Probe 
 
The dansyl series shows a change in slope for M1 vs. ET(30) between ET(30) values of 36 
and 45.  These ET(30) values correspond to dioxane and acetonitrile, respectively.    This 
change in spectra corresponds to the change in slope of the M1 and ET(30) values shown 
in Figure 4.2.     
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Figure 4.3: Acridine Probe Emission Spectra in Various Solvents 
 
Figure 4.3 shows the fluorescence peak for the 9-amino acridine probe, from here on 
referred to as acridine, in solvents of varying ET(30).  The acridine signal changes 
intensity like the dansyl, although with the opposite effect.  The acridine is hydrophilic, 
and has the highest intensity in polar solvents—those with high ET(30) values.   
 
Solvent ET(30)(Table 4.1) M1(nm) M1(Kcal/mol) 
1-Butanol 49.7 457.7 62.4 
2-Butanol 48.6 474.6 60.2 
Acetonitrile 45.6 460.8 62.0 
Cyclohexane 30.9 466.4 61.3 
Decane 31 474.7 60.2 
Dioxane 36 462.9 61.7 
Ethanol 53.7 456.1 62.6 
Methanol 55.4 456.2 62.6 
Octane 31.1 469.2 60.9 
T-Butanol 43.3 458.4 62.3 
Water 63.1 456.8 62.5 
Table 4.3: Conversion Data of M1 Values for Acridine Probe Spectra 
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Unlike the dansyl peaks, acridine’s signal does not shift either red or blue in the various 
solvents and keeps a similar shape throughout the series.  Table 4.3 shows the conversion 
of M1 values for all solvent series from wavelengths to energies for acridine.   
Figure 4.4 shows the M1 values for the acridine probe in the solvents of various ET(30) 
values used in this experiment.   
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Figure 4.4: Solvent Series for Acridine Probe 
 
The fluorescent spectra of both probes show a shift in intensity of the peaks for the 
different polar and non-polar solvents.  As the intensity reaches the lower limit for the 
solvent series, the error associated with the corresponding M1 values increases.  The 
dansyl probe prefers organic solvents and the acridine probe prefers aqueous solvents, so 
the ET(30) values associated with this error are on opposite sides of the figures.  This can 
be seen easily in Figure 4.4 where the M1 values are plotted opposite to the ET(30) values 
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for the acridine probe.  The M1 values obtained for the acridine probe in the hydrocarbon 
solvents—octane, decane and cyclohexane—show a large shift in M1 between solvents 
with ET(30) values that are similar when compared to the rest of the solvents.  This is 
expected because the acridine signal is so low for hydrocarbon solvents that any noise in 
the spectra is amplified.  A similar result is expected for the dansyl probe in the more 
polar solvents, but ET(30) values of the polar solvents in this study are more evenly 
spread than those of the non-polar solvents. 
 
These two probes give the sensitivity and solvochromatic shifts that are needed to 
measure the subtle changes within the microemulsion system.  The dansyl probe gives a 
readily changing signal that corresponds to the changing environment in which it is 
found, while the acridine probe exhibits more subtle solvochromatic changes that will 
provide an internal standard with which to compare the altering dansyl signal.  There is a 
steady drop of signal for acridine once it gets into the non-polar environments.  The low 
ET(30) values show a change in the slope in Figure 4.4.  This slope change is due to the 
low signal for these peaks relative to the more polar solvents.  Hence the error in the M1 
value for these less intense peaks is much larger because this is not the favored state of 
the acridine. 
 
The fluorescence excitation and emission spectra of the dansyl and acridine probes, 
respectively, are shown in Figures 4.5 and 4.6.   
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Figure 4.5: Comparison of Emission/Excitation Spectra for Dansyl Probe in Octane and 
1-Butanol 
 
The two solvents shown in the figures give an example of the more intense signal and a 
moderately intense signal.  The more intense signals chosen are octane for the dansyl 
probe and water for the acridine probe.  These spectra were chosen because they are the 
solvents found in the microemulsion systems.  1-butanol was also depicted on both 
figures because it represents a solvent in the middle of the ET(30) range used and gives 
good intensity for both probes that were studied.  The concentration of these probes in 
solution is approximately 10-5 M.  The 335 nm excitation peak in the dansyl spectra was 
used for all measurements of the dansyl species in solution.  The 385 nm excitation peak 
in the acridine spectra was chosen for all measurements of the three main peaks in the 
380-410 nm range because the two peaks that red shifted from the 385 nm were too close 
to the emission spectra for accurate measurements.   
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Figure 4.6: Comparison of Emission/Excitation Spectra for Acridine Probe in Water and 
1-Butanol 
 
 
 
4.2 Micelle Solutions 
To observe the length of time the microemulsion system needs to reach 
equilibrium, fluorescein was placed into a concentrated AOT octane solution.  The 
solution was allowed 20 minutes to equilibrate and then injected with water to make a 
solution with a W value of 20 and a φ value of 0.2.  The observed results are shown in 
Figure 4.7.  The intensity values of the fluorescein peaks are depicted in the figure 
because the peak did not shift during the experiment.  Shifting was not expected because 
it correlates to pH effects for fluorescein.  The resulting data is shown in Figure 4.7 along 
with the exponential fit line to the data.  The half-life of the curve is calculated to be 47 
minutes.  Solutions for test samples were allowed to sit for 24 hours before being used—
  50  
just under 31 half-lives.  This is sufficient time to allow the solution to equilibrate before 
use. 
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Figure 4.7: Time Evolution of Fluorescein Fluorescence Intensity in AOT Octane 
Solution with Addition of Water W=20, φ =0.2 
 
Microemulsion solutions with W values of 7.5, 10, 15, 20 and 22.5 were prepared 
and spiked to create separate solutions for both the dansyl and acridine probes.  As 
discussed in Section 1.1 and represented in Figure 1.7, the range of W values for the 
AOT microemulsions is limited on the smaller value end by the exponential increase in 
microviscosity, and on the higher value end by the coagulation of the particles into 
macroemulsions.  As the microviscosity of the system increases, the ability of the water 
core within the micelle to move independently is reduced.  This constriction of the water 
core affects the environment, and therefore the fluorescent signal of any probe within.  To 
reduce the potential of this from happening, a minimum W value of 7.5 was chosen.  
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Below this value, the microemulsions are unstable.  On the high end of the W series, a 
value of 22.5 was chosen as the extreme value because the microviscosity is constant 
above this value and would not result in any variation thereafter.  Figures 4.8 and 4.9 
show the spectra for the dansyl and acridine probes in the various microemulsion 
solutions.   
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Figure 4.8: Dansyl Spectra in Varying W Microemulsion Solutions at φ=0.2 
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Figure 4.9: Acridine Spectra in Varying W Microemulsion Solutions at φ=0.2 
 
The dansyl signal shows a broadening for all W values when compared to the solvent 
series.  The change corresponds to the probe being within two environments, octane and 
the microemulsion particles.  This is expected for the probe because of its electron-rich 
structure.  There is also a shift in the peak shape with the changing W values.  As the W 
value lowers, there is a more pronounced second peak.  The second peak is smaller and 
red shifted from the main peak similar to what is seen in the dansyl solvent series (Figure 
4.1).  Shorter red-shifted peaks in the dansyl series were observed in more polar 
environments.  The peak from a more polar environment also corresponds to the probe 
finding itself in the interface of the microemulsion, closer to the polar region.  Figure 
4.10 shows a simple model of the W=15 dansyl peak composed of two of the dansyl 
signals measured in different solvents.  The model adds the dansyl signals within octane 
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and methanol that are multiplied by factors to optimize the fit to the W=15 signal in the 
range above 450nm.  Below 450nm, the model does not fit, but that is to be expected 
because there is scattering from the microemulsion.  This model is used only to show that 
the red-shifted second peak of the emulsion is seen in pure solvents as well. 
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Figure 4.10: Model of W=15 Microemulsion Solution Emission Spectrum Using Dansyl 
Pure Solvent Signals  
 
As shown above, the model of the dansyl signal within the microemulsion has matching 
peaks in terms of intensity and wavelength to that of a pure hydrocarbon environment as 
well.   This shows that the dansyl probe is, in fact, exhibiting spectral characteristics of 
non-polar and polar solvents simultaneously, indicating it is partitioned between two 
environments. Based on peak intensities, a majority of the dansyl probes seem to be in a 
hydrocarbon environment.  We can continue this concept by showing the addition of the 
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dansyl signal within octane and methanol at various proportions.  Figure 4.11 represents 
the range of addition from dansyl in octane alone to being in methanol alone and the 
variations of each at 20% increments.  Each increment represents the mathematical 
addition of the proportunate intensities of the dansyl signal in octane and methanol.  For 
example, the 4:6 ratio adds 40% of the dansyl in octane intensity numeric value to 60% 
of the dansyl in methanol intensity numeric value over all wavelengths of the spectra.  
This operation is performed for four different ratios of dansyl in octane and methanol 
intensity, and plotted against the spectra of unaltered dansyl in octane and methanol. 
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Figure 4.11: Superposition of Dansyl Spectra in Octane and Methanol at Various Ratios 
 
Figure 4.11 shows the broadening of the total peak as the red-shifted peak and blue-
shifted peak (corresponding to the dansyl in methanol and octane peaks) change in ratio.  
These modeled peaks are similar in shape to those from the W series.  This series 
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supports the idea that the dansyl is partitioned into two distinct environments in the 
microemulsion as opposed to occupying a unique environment as in the  single solvents 
that were studied.  Table 4.4 shows the M1 values for the curves in Figure 4.11. 
  
Methanol: Octane Ratio M1(nm) M1(Kcal/mol) 
0:1 456.5 62.6 
2:8 460.9 62.0 
4:6 467.1 61.2 
6:4 476.3 60.0 
8:2 491.6 58.1 
1:0 521.6 54.8 
Table 4.4: Conversion of M1 Value Units from nm to Kcal/mol for Spectra of Addition of 
Dansyl Probe in Octane and Methanol at Various Ratios 
 
The superposition of the fluorescence signal of the dansyl probe exhibited in octane and 
methanol results in calculated spectra similar in shape to the spectra observed from the 
microemulsions.  The similarity between the calculated spectra and the spectra for dansyl 
within the microemulsion can be seen by comparing Figure 4.11 to Figure 4.8.  
 
The acridine signal shows little change from the solvent series.  This demonstrates that 
the acridine is within the water core of the microemulsions, and that the spectra indicate 
little or no effect from the interface of the surfactant and oil with the water. 
 
Figure 4.12 gives M1 vs. W values for both probes.  The error for each point depicted in 
Figure 4.12 is calculated from the change in M1 value for the time study (see Figure 4.14) 
that was used to determine the stability of the microemulsions.  As shown in Figure 4.12, 
the dansyl signal exhibits more sensitivity to any change in W value than that of acridine, 
yet both probes give an increase in M1 with increasing W.  The M1 values calculated for 
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the dansyl probe in the microemulsion solutions change from a value around 60±0.15 for 
the lower W=7.5 value to a value around 61±0.15 for the higher W=22.5 value.  The 
dansyl probe is expected to exhibit greater environmental sensitivity because this was 
seen in the single solvent systems. 
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Figure 4.12: M1 Values of Acridine and Dansyl Spectra in Microemulsion Solutions of 
Varying W Values at φ=0.2 
 
 
As Figure 4.8 indicates, the shape of the peak shifts as the W value of the system 
changes.  As the W value decreases, the main peak at around 450nm starts to lessen in 
intensity and the second shoulder peak around 500nm starts to grow.  The M1 value is the 
number average of the intensity over the spectra, so an increase in intensity of the peak at 
the larger wavelength and a decrease of the intensity of the peak at the smaller 
wavelength would result in a shift of the number average to a larger wavelength or a 
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smaller energy.  This is seen for the dansyl W series in Figure 4.12.  These M1 values for 
the dansyl W series run between that of the alkane solvents and that of dioxane.  This 
shows that the dansyl species is outside of the water core of the microemulsion, but still 
close enough to be affected by its greater polarity.  This corresponds to the dansyl located 
at the interface of the microemulsion, or in the vicinity of the surfactant.  As the W value 
increases, the ratio of water to surfactant increases.  This increase in ratio requires a 
decrease in surface area for the constant volume fraction of φ=0.2.  A decrease in 
surfactant with an increase in W value would reduce the amount of interface available to 
the dansyl into which it can lodge itself.  This would result in the dansyl partitioning to 
the less polar environment, which is observed in the dansyl signals shown in Figure 4.8 
and the change in M1 values shown in Figure 4.12.   
 
The acridine signal has a similar, but smaller M1 change with W.  The M1 values for the 
acridine change slightly from 62.27±0.05 to 62.36±0.05 as W increases.  Figure 4.12 
shows the spectra for the acridine W series and shows that the peaks keep their shapes 
and sizes relatively well throughout the series, resulting in an M1 change an order of 
magnitude smaller than the dansyl series.  This change is small and the average M1 value 
is close to the M1 values of t-butyl alcohol, ethanol, methanol and water, all of which are 
polar molecules.  If an acridine molecule is within the water core of a micelle, then an 
increase in core radius (i.e. W value) would favor an acridine water interaction.  This, in 
turn, would lessen the interaction of the acridine with the less polar interface and result in 
a spectra of more polar characteristics, which is observed with the increase in W.  A 
lower value of W would place the acridine in the vicinity of the non-polar elements of the 
  58  
solution and would diminish the acridine signal.  Figure 4.12 shows little variation of 
signal intensity with change in W for acridine.   
 
Microemulsion solutions at a W value of 22.5 with varying φ values were studied with 
the dansyl probe at varying temperatures to observe the stability of the system.  The 
variation of φ changes the ratio of solvent to micelle volume.  By increasing the volume 
of micelles at constant W, thereby increasing the number of particles, the dansyl should 
partition to the interface.  The resulting M1 values at the various φ values and 
temperatures are shown in Figure 4.13. The φ values chosen for this test ranged from 
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 Figure 4.13: Temperature Stability Study of Dansyl M1-values at W=22.5 
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0.25 to 0.4 in increasing increments of 0.05.  These values were chosen to illustrate a 
system that had more micelles per volume than the systems used in other experiments 
that used an φ of 0.2.  
 
The temperature of the sample in the study was obtained using a recirculator to maintain 
the required temperature of the sample.  A single sample was analyzed for each φ value, 
and was allowed to equilibrate for 20 minutes at each temperature before readings were 
taken.   The M1 values for each solution lowered with an increase in temperature.  The 
M1 values started off at a different value for each solution.  The solutions with larger φ 
values have lower M1 values because these systems have more particles and less solvent, 
so the dansyl has a higher probability of being in the proximity of the polar region of the 
microemulsion.  The dansyl signal is affected more by the polar environments in these 
samples, as exhibited by the resulting M1 values. 
 
As the temperature of the system increases, the thermal energy increases.  This, in turn, 
increases the movement of the system, including the particles of the microemulsions and 
the dansyl probe.  This movement allows the probe to approach its equilibrium position 
in the system in a shorter amount of time.  The results of the temperature study were 
found to be irreversible as the thermodynamic stability of the system results in an 
equilibrium that favors the lower M1 values.  The favorable place for the dansyl is the 
interface; the increased temperature helped the dansyl locate itself there, but decreasing 
the temperature will not lessen dansyl’s affinity for the interface.  All experiments were 
conducted at 35oC, within the stable region of the temperature study. 
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With the temperature study in mind, the long-term stability of the fluorescence signal was 
studied for each probe at W values of 7.5 and 22.5 to observe the time effect at the 
extremes of microemulsion particle size.  The samples were analyzed at various times 
after being made.  Measurements were taken of each sample for the range t = 0 to 180 
hours after the probe was added to the microemulsion..  The results are shown in Figure 
4.14, which demonstrates M1 values at the various times after the probe was added to the 
microemulsion.   
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Figure 4.14 Time Stability Study of Acridine and Dansyl M1-values at φ=0.2 
 
Neither probe shows a large change in M1 value over the course of the experiment.  All of 
the solutions show a slight drop in M1, although this change is more predominant in the 
solutions with dansyl probe added.  The change is most likely a thermodynamic 
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stabilization of the microemulsion system as the dansyl is situated in the interface.  This 
effect is similar to that of the temperature study, although the effect in this study requires 
more time to occur because it is not accelerated by heating the system.  The scale of the 
change in M1, the largest change being 0.4, is comparable to the change observed for 
temperature study.  This study shows that the microemulsion solutions have consistent 
reproducible fluorescent signals for at least 6.5 days, well beyond the length used for 
actual data collection.  The change in M1 value for the time study is used as an estimate 
of the error in M1 values for each of the probes in the W series of this study because this 
is the amount associated with a change for a constant composition of the microemulsion. 
 
The time and temperature studies both indicate a lowering of M1 values over time and 
with increased temperature.  This means that both tests resulted in the dansyl probe 
moving into the interface of the microemulsion, the favored spot according to 
thermodynamics.  The dansyl probe, Figure 1.15, has an electron rich aromatic structure.  
This electron density is enough for the dansyl probe to be attracted to the head groups of 
the AOT rather than the octane solvent, which is not polar.  This means that the dansyl 
and acridine may stay in close proximity within the microemulsion system if both probes 
were introduced into the same solutions.   
 
To verify these findings and to observe any effects that the probes might have on each 
other, we ran a W series with microemulsions containing both dansyl and acridine 
probes.  The volume of fluorescent probe solution added to the microemulsion systems is 
1/100 of the solution volume, so the concentrations of the probes could vary slightly from 
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sample to sample; however, the error in volume is thought to be small when compared to 
the variability of the system as a whole.  The intensity of instrument measurements from 
day to day can be affected by external sources of noise, so the relative intensities of the 
signals for different W series were not compared; rather, the calculated M1 values and 
relative shapes of the spectra were examined.  The spectra from different single probe W 
series were used in conjunction to simulate mixture spectra for the solutions with both 
dansyl and acridine for qualitative analysis, but not quantitative analysis.  Figures 4.15 
and 4.16 show experimental spectra for the microemulsion solution with a W of 15 
spiked with a 1:1 volume ratio of dansyl and acridine excited at 335 nm and 385 nm 
respectively. 
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Figure 4.15: Emission from Probe Mixture in Microemulsion Solution of W=15 and φ=0.2 at 
345 nm Excitation  
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Figure 4.16: Emission from Probe Mixture in Microemulsion Solution of W=15 and φ=0.2 
at 385 nm Excitation 
 
The dansyl probe signal (Figure 4.15) shows a relative increase in intensity that correlates 
to the two large peaks of the acridine probe around 431 and 436 nm.  The dansyl signal 
also shows the broadening of the signal as seen in the W series of the single probes.  The 
single probe spectra of dansyl and acridine in the W series can be superimposed to 
produce a spectra very similar to the mixed probe spectra recorded at 335 nm excitation.  
In Figure 4.17, the simulated spectra for the W=15 solution is compared to the 
experimental spectra. 
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Figure 4.17: Overlay Spectra of Mixed Probes in W=15 at φ=0.2 Using a 335 nm 
Excitation with Superposition of Dansyl and Acridine Spectra Recorded in Same 
Medium 
 
This simulated spectra is only reliable from λ >410 nm because this corresponds to the 
onset of the acridine emission.  The simulated spectra for all of the W values have a M1 
value that is slightly higher than the M1 value of the experimental mixed probe spectra.  
This is expected, as the data from the individual probes is limited by the range over 
which the acridine probe is examined.  Despite the limited data for the left side of the 
spectra, the model demonstrates the general curve of the spectra with the two probes.  
This is a good indication that having both probes in the solutions does not affect their 
fluorescence.  This also demonstrates the feasibility of using a tether to connect the 
probes as a single two-site fluorophore.   
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A tethered probe would produce spectra that could be used quantitatively in conjunction 
with the single probe W series to analyze the microemulsion and observe the effect that a 
change in the three components or the addition of a fourth component would have on the 
system.  The downside to having a tethered probe is the limitation of the distance 
between the acridine and dansyl probes.  Two individual probes have the freedom to 
move independently.  By tethering the probes together, the spectral characteristics of the 
probes could change.  An example is that the dansyl probe could exhibit different 
fluorescent qualities if it were forced to remain at a certain distance from the water core 
based on the length of the tether, and not allowed to move within the system to where it 
was favorable.  Likewise, the acridine signal could be changed if the dansyl affected 
where the acridine was located by moving away from the interface of the micelle.  These 
examples and other such potential problems cannot be addressed without the 
development and study of a tethered probe. 
 
Once the dansyl and acridine probes had been used to observe the effects of changing the 
environment in a three-component system, including hydrophilic solvent, hydrophobic 
solvent, and surfactant, the next step was to observe the effects of a fourth component on 
the system.  Tertiary butyl alcohol was chosen because of high solubility in water and 
octane and because it could act as a cosurfactant by positioning itself within the interface 
of the microemulsions.  As the value of α is increased, W and φ remained the same.  An 
increase in α would decrease the amount of water and AOT proportionally while keeping 
volume of micelles within the octane constant.  The two possibilities from adding the 
alcohol are that the alcohol would be located within the water core or at the interface.  If 
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the t-butyl alcohol moves into the core, then the volume of the core will increase and the 
surface area of the micelle will decrease for a given φ value.  If the t-butyl alcohol moves 
into the interface of the micelle, then the shell-to-core ratio will increase, resulting in an 
increase in surface area for a given φ value.  Figures 4.18 and 4.19 show the M1 values 
for varying α values for W values of 7.5 and 22.5. 
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Figure 4.18: M1 Values for Dansyl Spectra in Solutions of Varying Alpha Values, φ=0.2 
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Figure 4.19: M1 Values for Acridine Spectra in Solutions of Varying Alpha Values, 
φ=0.2 
 
Figures 4.18 and 4.19 show a change in M1 with respect to changing α values.  The error 
in the acridine is taken from the M1 shift observed in the time study of the of the 
microemulsions system.  Error bars were not shown in the dansyl figure because, unlike 
the acridine probe, which is limited to the water core, the dansyl probe is more 
complicated and has more possibility to exhibit changes due to the presence of the 
alcohol.  The change observed with the addition of the alcohol is larger for the dansyl 
probe, although the extent of the M1 change in the α series is comparable to the change in 
M1 through the entire W series for each probe.  The probes show opposite signs of this 
change though; the dansyl series results in an initial increase in M1 with the addition of 
alcohol within the same W value, while the acridine series results in an initial decrease in 
M1.   Partitioning of the alcohol to the micellar core is consistent with these trends.  The 
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decrease in interface forces the dansyl to locate itself within the octane, resulting in an 
increase in M1 once alcohol is added.  The acridine has a lowering of M1 because the 
alcohol can penetrate the water core, causing the micropolarity to shift closer to that of an 
alcohol28.  It is less clear why the M1 values of the dansyl spectra decrease beyond α=0.5, 
although an increase in alcohol concentration in octane would explain the trend because it 
would increase the micropolarity of octane.  It has been shown that an addition of t-butyl 
alcohol to the system results in phase separation in a range of 40-45oC28. This 
complicates the analysis of the α series.  We did not observe the phase separation in the 
system at 35 oC since our experiments were performed at a temperature just outside of the 
range reported for the phase separation.  This phenomenon should be easier to observe 
and analyze once a tethered probe is developed because the probe would be bound to a 
particular interface and the effect of alcohol partitioning could be separated from 
interface effects. 
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5.0 Conclusions 
A set of fluorescent probes has been developed for use in qualitatively and quantitatively 
analyzing AOT/water in octane microemulsions.  These probes allowed the oil-rich and 
water-rich domains of the microemulsion system to be analyzed in order to show the 
range of micropolarities that can exist in the system under the conditions in which the 
system was studied.  These conditions included changing the concentrations of the 
components of the microemulsion system, the temperature, the time the system was 
allowed to equilibrate, and the addition of t-butyl alcohol as a co-surfactant to the system.  
The data obtained from analyzing these systems was compared to the analysis of the 
fluorescent probes used in single solvent systems to estimate the micropolarity of the 
probe within the microemulsion system.  The dansyl probe in the AOT system with 
varying W was in a system with a micropolarity between dioxane and the hydrocarbons 
decane and octane.  This information revealed that the dansyl probe tended to situate 
itself within a surfactant-rich shell surrounding the water core of the microemulsion 
particles.  It was found that by changing the temperature of the system or by adding a 
fourth component, t-butyl alcohol, the dansyl probe exhibited spectra similar, but distinct 
to those of the original microemulsion system.  This range was still between the M1 
values for dioxane and the hydrocarbons.  This indicates that the dansyl probe keeps itself 
within the interface of the microemulsion but is still sensitive enough to be affected by 
changes in the system around it.  The acridine probe, on the other hand, gave change in 
its signal with a change in the environment.  The acridine probe gave signals for all 
systems that were similar to the alcohols methanol and ethanol.  This was not a pure 
water system, so the acridine was within the water core of the emulsion but still affected 
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by the outside system because it saw a system that was less polar than pure water.  If the 
acridine had shown data that corresponded to water for all systems, then it would be 
known that the acridine stayed fully within the water core of the microemulsion and did 
not feel any effects of the change in the surrounding environment.  The small change that 
is observed by the acridine shows that the change in the size of the water core by 
changing the W value does change the placement of the acridine.  A smaller water core 
results in a probe situated closer to the non-polar environment. 
 Our hope was to be able to tether the probes together and allow the two to exist in 
their preferred environments, the water core for the acridine and the interface for the 
dansyl.  Without the use of the tethered probe, exact concentrations of both probes within 
the microemulsion systems could not be determined because of the small concentrations 
being used to spike the microemulsions.  As of now, these probes can only be used as to 
establish the polarity of local environments, but not as a quantitative measure for the 
relative volumes of these microemulsion environments.   
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6.0 Future Work 
 The planned future work of this project is to develop a tether for the dansyl and 
acridine probes to allow both probes to be used in microemulsion systems, which will be 
analyzed in a quantitative manner by allowing the concentrations of the probes to be 
known and to allow the simultaneous observation of effects of both probes.  Another 
potential future project would be to replace one of the two probes that are tethered, dansyl 
or acridine, with an environmentally insensitive probe to give an internal fluorescence 
standard for the system, thus allowing the complete effect on the environmentally 
sensitive probe to be compared to an absolute baseline signal given by the insensitive 
probe.  Other future work includes the introduction of these probes to other complex 
systems, potentially those with more components than three and four.  Once the range of 
sensitivity of the fluorescent probes is determined, they can be used in reaction systems 
to help maximize the reaction conditions. 
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